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@ Equipment for detecting the presence of a tube and/or the presence of blood within It 

(g) Equipment provided with an optical/electronic system comprising an LED diode (11) and a photosen- 
sitive sensor (12) capable of receiving the light radiation emitted by the LED (11) and of providing a 
con-esponding electncal signal, and a circuit (15) for processing this electrical signal. When in use a 
tube (5) through which blood flows is placed between LED diode (11) and sensor (12). The equipment is 
provided with a test circuit capable of being connected periodically to the processing circuit replacing 
the LED (11) and the sensor (12) in order to simulate the behaviour of the latter and to provide a 
continuous indication of the fact that the tube Is present and that blood is present within it. and to check 
that the parts of the equipment itself are operating correctly. 
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This invention relates to equipment for detecting 
the presence of a tube and/or the presence of blood 
within it. In particular this invention is advantageously 
used in machines for the treatment of dialysis 
patients, especially during the stage in which the 
patient must be connected to the machine. 

Known equipment of the abovementioned type 
comprises a light radiation emitter placed in such a 
way as to pass its radiation through a transparent tube 
in which blood circulates, and an optical sensor cap- 
able of receiving the light radiation emerging from the 
tube in order to provide a corresponding electrical sig- 
nal to an electronic circuit. This equipment generally 
does not provide means to render the system insen- 
sitive to various disturbances. 

Correct operation of such equipment is of ex- 
treme importance, because any enror in conrect deter- 
mination of the state of the system may result in being 
particularly harmful to the patient. Errors may arise as 
a result of the deterioration and consequent malfunc- 
tioning of components in the electronic circuit, or age- 
ing of the light emitter and/or optical sensor, or 
disturbance caused by optical interference 
phenomena. 

Known equipment is also without safety circuits 
which provide a continuous identification of any mal- 
functions; this generally results in frequent mainte- 
nance checks, which in any case are incapable of 
detecting unforeseen faults which may occur just 
when the equipment is in use. 

The object of the invention is to provide equip- 
ment for detecting the presence of a tube belonging 
to a circuit outside the body, and the presence of 
blood within it, which does not have the disadvan- 
tages of known equipment 

This object is accomplished in accordance with 
this invention in that it relates to equipment for detect- 
ing the presence of a tube and/or the presence of 
blood within it comprising a light radiation emitter 
device directed towards the tube, an optical sensor 
capable of detecting the light radiation through the 
tube to provide a con-esponding electrical signal, a cir- 
cuit for processing and measuring the signal, charac- 
terised in that it incorporates a test circuit which can 
be connected periodically to the processing circuit to 
replace the emitter and the optical sensor in order to 
generate a test signal which can be used to check that 
at least part of the equipment is functioning correctly, 
the test signal simulating the electrical signal gener- 
ated in use by the optical sensor. 

For a better understanding of the invention a pre- 
ferred non-restrictive embodiment thereof will now be 
described with the help of the appended drawings,in 
which: 

Figure 1 shows a partial block diagram of equip- 
ment for detecting the presence of a tube and/or 
the presence of blood within It according to the 
invention, 
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Figure 2 shows a median cross-section of an opti- 
cal detector according to the equipment. 
Figure 3 is a diagram of a series of threshold sig- 
nals for the equipment in Figure 1 , 
5 Figures 4 and 5 are two flow diagrams illustrating 

two stages in the operation of the equipment. 
With reference to Figure 2, numeral 4 generically 
indicates the detector or sensor for haemoglobin In 
the blood of a patient forming part of measuring and/or 
10 monitoring equipment. This equipment is incorpo- 
rated in a blood treatment unit, in particular a dialysis 
unit (not shown), provided with a tube 5. indicated by 
dashed lines in Figure 2. through which a patient's 
blood flows. This tube 5 is of a flexible transparent 
15 plastics material, for example polyvinyl chloride 
(PVC). 

Detector 4 incorporates a holder consisting of a 
hollow body provided with a cylindrical seat 6, having 
an axis 6a, capable of receiving tube 6. Body 7 is cov- 
20 ered by a removable lid 8 so that tube 5 may be inser- 
ted and removed. 

Within body 7 and conresponding to seat 6 there 
are mounted in diametrically opposite positions an 
emitter 1 1 of light radiation and an optical receiver or 
25 sensor 12 for such radiation, which form the opti- 
cal/electronic system of detector 4. Emitter 1 1 prefer- 
ably consists of a light emitting diode, subsequently 
called LED (light emitting diode), which is connected 
to a control circuit. LED 11 is selected so as to gen- 
30 erate light radiatton having a wavelength dose to the 
infra red, for example of the order of 800 nm, with a 
bandwidth of the order of 100 nm. 

Optical sensor 12 (Figure 2) consists of a photo- 
diode capable of receiving the light radiation emitted 
35 from LED 11 through tube 5. Because the light 
received by photodiode 12 varies with the concen- 
tration of haemoglobin in the blood In accordance with 
precise laws, the signal generated by photodiode 12 
depends on the haemoglobin concentration of the 
40 blood. Photodiode 12 is connected to an electronic 
circuit 15 (Figure 1), which will be better seen below. 

LED 11 and photodiode 12 (Figure 2) of this 
detector 4 project slightly with respect to the inner 
cylindrical surface of seat 6, so ttiat the wall of tube 5 
45 inserted therein is slightly compressed. This compres- 
sion results in deformation of tube 5, which moulds 
itself to the geometrical shape of emitter 11 and 
receiver 12, preventing the astigmatic focussing 
which would arise from the cylindrical geometry of the 
50 tube filled with transparent liquid. This must be 
avoided because focussing of the beam would com- 
pensate for the absorption due to tube 5 and the con- 
tents thereof, making It impossible to distinguish 
between the situation where there was a tube full of 
55 transparent liquid and the situation in which a tube 
was absent 

An electromechanical sensor 17 capable of 
detecting the presence of tube 5 in seat 6 is mounted 
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on a wall 16 of body 7 parallel to lid 8. Sensor 17 is 
substantially in the plane of LED 11 and photodiode 
12, at right angles thereto, and comprises a pin 18 
mounted on a piston 19 which slides in a cylindrical 
seat 21. Piston 19 is nomnally held at the end of its s 
travel in the direction of wall 16 by a compression 
spring 22 located between this and a washer 23. 

A lower end 24 of pin 18 acts in association with 
microswitch 25 so that when tube 5 is housed in seat 
6 it presses pin 18 against the force of spring 22. io 
activating microswitch 25. This is connected to a logic 
control circuit 47 (Figure 1). to which is then provided 
a digital electrical signal SA=1 indicating that tube 5 
is present. If tube 5 is not present the signal provided 
to circuit 47 is SA=0. is 

As is known, disturbances due to ambient light on 
sensor 12 adversely effect con-ect measurement of 
the light received through tube 5. Even if the zone in 
which photodiode 12 is housed is daricened by her- 
metically enclosing body 7 it is impossible to eliminate 20 
the infiltration of light totally. In fact this light propa- 
gates along tube 5, which acts substantially as a 
waveguide. 

In order to eliminate this source of disturbance 
LED 11 is supplied with an altemating signal conve- 25 
niently consisting of a square wave. In such a way a 
signal corresponding alternately to the emission from 
LED 1 1 plus the light transmitted by tube 5 and a sig- 
nal conresponding to only the light transmitted by tube 
5 is obtained at the outlet from photodiode 12. 30 

Circuit 15 (Figure 1) comprises a first block 30 
consisting of a signal generating unit and comprising 
the optical/electronic system fomied by LED 1 1 and 
photodiode 12. Unit 30 sends a signal, which is a func- 
tion of the haemoglobin in the blood, to a second unit 35 
32 consisting of a unit for the processing of that signal. 

In particular LED 11 has the anode connected to 
a constant voltage source Vc and the cathode con- 
nected to a first output of a two way electronic switch 
33, which has a second output connected to voltage 40 
source Vc by means of an interposed resistance 34, 
Switch 33 also has an Input which is connected to a 
voltage generator 37 by the interposition of an elec- 
tronic switch 39. 

Photodiode 12 has the cathode connected to a 45 
first input of an electronic switch 41 which has a sec- 
ond Input. This is connected to voltage source Vc by 
the interposition of a resistance 43. and with the sec- 
ond output of switch 33 by the interposition of a resi- 
stance 45. Electronic switch 41 also has an output so 
terminal 46 connected to the unit 32 for processing the 
optical/electronic signal. Electronic switches 33 and 
41 are activated by a bistable circuit included in the 
logic control circuit 47. The bistable circuit governs 
the switching of switches 33 and 41 in a synchronous 55 
manner on the basis of Its state. The bistable circuit 
periodically replaces LED 11 and photodiode 12. 
through switches 33 and 41 . with a test circuit configu- 
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ration which simulates their behaviour so as to test 
that electronic circuit 15 is operating conrectly. 

Unit 32 comprises an impedance separator circuit 
49 having an input connected to terminal 46 and hav- 
ing an output 50 which Is connected to the inputs of 
two electronic switches 51 and 52. These switches 
are activated in opposing phases by an oscillator cir- 
cuit 54 and the signal at output 50 is sampled. Also 
oscillator circuit 54 activates electronics switch 39 in 
phase with one of switches 51 and 52. 

Each switch 51. 52 has one output respectively 
connected to the input of two memory blocks 57 and 
58, which store the signal sampled by switches 51 and 
52. These blocks 57 and 58 have outputs connected 
respectively to a first 59 and a second 60 input to a 
differential amplifier 63 which emits an analog electri- 
cal signal SE and sends It to a measuring circuit (not 
shown) via an output 65. 

In use electronic circuit 15 has two separate 
operating configurations, based on the position adop- 
ted by switches 33 and 41 : a first measuring operating 
configuration in which the level of haemoglobin pre- 
sent in the blood is measured and a second test 
operating configuration in which the perfomnance of 
the entire system is checked. 

In the first configuration switch 33 has Its input in 
communication with Its first output and switch 41 has 
its output in communication with its first input, 
whereby LED diode 1 1 is fed with an altemating volt- 
age (for example a square wave) obtained by the sub- 
division of voltage Vc effected by the switching of 
switch 39. 

Thus LED diode 1 1 emits light pulses with a fre- 
quency equal to that of the signal generated by oscil- 
lator circuit 54. As a result photodiode 12 produces a 
signal fonned by the alternation of two unit signals: a 
first signal which is a function of the light generated In 
the LED diode 1 1 and received via tube 5 plus the light 
transmitted by tube 5 arising from the exterior 
(ambient light, etc.), and a second signal which Is a 
function of only the light transmitted by tube 5. This 
signal passes through impedance separator 49 and is 
sampled by switches 51 and 52 so that the first and 
the second unit signals are stored in memories 57 and 
58. 

These first and second unit signals are then pas- 
sed to differential amplifier 63 which provides an SE 
signal at output 65 which is proportional to the differ- 
ence between them. Thus differential amplifier 63, by 
subtracting the second unit signal from the first unit 
signal, obtains an SE signal which Is a function of only 
the light generated by LED diode 11, and is therefore 
free from any noise originating from the exterior. 

The SE signal leaving amplifier 63 is passed to 
the measuring unit (not shown) first mentioned, which 
is able to process this signal and control a series of 
analog or digital indicators in a known way so as to 
express the level of haemoglobin in the blood. 
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It is therefore clear that thanks to oscillator 54 pro- 
cessing circuit 32 modulates the excitation signal 
which is sent to LED 11 and subsequently demodu- 
lates the signal received from photodiode 12. In par- 
ticular the modulation and the demodulation are of the s 
synchronous type and offer better cancellation of the 
various disturbances which can affect the opti- 
cal/electronic circuit 

In the second working configuration switch 33 has 
its input in communication with its second output, io 
which is connected to potential Vc by means of the 
separator resistances represented by resistances 34. 
45 and 43. In turn switch 41 has its output in communi- 
cation with its second input, which is connected to 
potential Vc through resistances 34, 45 and 43 and is 
with generator 37 via resistance 45 respectively. In 
this configuration LED diode 11 and photodiode 12 
are both separated from circuit 15. 

Resistances 34, 45 and 43 are dimensioned In 
such a way as to supply a first component of the test 20 
signal at the output of switch 41. when switch 39 is 
open, which Is substantially of the same ortler of mag- 
nitude as the signal generated by sensor 12 as a 
result of the effect of the light radiation from LED diode 
11- 25 

Resistances 34, 45 and 43 are also dimensioned 
so as to apply to the outlet of switch 41 , when switch 
39 is closed and the voltage contribution from 
generator 37 adds to the potential Vc. a second com- 
ponent of the test signal which on average is of the 30 
same order of magnitude as the signal generated by 
photodiode 12 as a result of the ambient light and the 
signal generated by LED diode 11. 

These first and second components of the test 
signal are obtained by subdividing the reference volt- 35 
age Vc and the voltage of voltage generator 37 (which 
are constant) by separator rsistances 34, 45 and 43. 
These components are therefore also generally con- 
stant in time and are of a known theoretical value. 

In this way a signal consisting of an altemation of 4o 
the first and second components of the test signal is 
present at the output of switch 41 . 

These components of the signal pass through im- 
pedance separator 49 and are sampled by switches 
51 and 52 so that the first and second components of 45 
the test signal are stored in memories 67 and 58 re- 
spectively. 

These first and second components of the test 
signal are then passed in turn to differential amplifier 
63 which provides a signal SE' at output 65 which is so 
proportional to the difference between them. In this 
way differential amplifier 63 obtains a third signal by 
subtracting the second component from the first com- 
ponent, which constitutes the real test signal SE'. 

A priori knowledge of the theoretical value or 55 
reference value V^of of signal SE' makes it possible to 
perfonm an electronic test on units 30 and 32. With this 
object the condition: 
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is checked at all times. In fact any changes in the func- 
tioning of the components of these circuits will alter 
the value of signal SE'. 

In accordance with another aspect of the inven- 
tion circuit 47 is also capable of controlling an enror 
indicator 66 and a control unit 67 for a series of 
alanms. Error indicator 66 is designed to indicate an 
anomalous condition in the equipment Control unit 67 
is enabled during certain stages of operation to allow 
the equipment to activate a set of alamns. These 
alamis may be activated by various safety detectors, 
for example a detector of air bubbles in the line of tube 
5, a detector of the lack of physiological solution for 
infusion into the line, pressure measuring devices on 
the line, etc., thus indicating any inregularities in the 
dialysis treatment 

In the first configuration of the equipment des- 
cribed above circuit 47 is also able to compare SE sig- 
nals received from amplifier 63 selectively with three 
pairs of threshold signals. A first pair ATH and ATH 
(Figure 3) of threshold signals represent the 
maximum and minimum limits of the expected value 
for signal SE emitted by amplifier 63 in a test perfor- 
med with tube 5 absent. The two limits therefore rep- 
resent the expected tolerance in this signal and define 
a field AT (absence of tube). 

A second pair of threshold signals PTAH and 
PTAL represent the maximum and minimum limits of 
the expected value for a signal when tube 5 is present 
but empty of blood, or when tube 5 Is empty or filled 
with physiological solution and is therefore not con- 
nected to the patient The values for the threshold sig- 
nals for this second pair define a field PTA (tube 
present blood absent) and are appreciably lower than 
the values for the first pair. 

The third pair of threshold signals PTSH and 
PTSL represent the maximum and minimum limits of 
the expected value for a test signal when tube 5 is pre- 
sent and full of blood. The values of this thiixl pair 
define a field PTS (tube present with blood) and are 
even lower than the values in the second pair. 

As is known, when treating a patient with dialysis, 
the line incorporating tube 5 is first filled with 
physiological solution to start up the circulation. When 
the circulation has reached steady state conditions 
blood taken from a patient's veinis introduced into the 
line. Finally after treatment the line is emptied of blood 
by feeding in physiological solution. 

The detection equipment described above func- 
tions in the following way. 

When the equipment is switched on. before tube 
5 is inserted in detector 4, microswitch 25 indicates 
that tube 5 is absent, generating the signal SA=0. Cir- 
cuit 47 then perfonra an initial test 69 (Figure 4), con- 
sisting in checking the optical part of the circuit. 

For this purpose signal condition SA=0 is 
checked and the SE obtained is compared to the 
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threshold values ATL and ATH for checking the con- 
dition ATL<SE<ATH. If the result of one of the two 
checks is negative an enror condition (ERR=1). rep- 
resented by a block 70. is generated. Circuit 47 then 
enables error indicator 66 so that the operator should $ 
identify and eliminate the cause of the error before 
proceeding with treatment. 

From what has been seen above it will be clear 
that sensor 17 indicating that the tube is present, 
including microswitch 25. can independentiy check io 
whether tube 5 Is present in detector4 and any ageing 
in the optical electronic components (LED 11 and 
photodiode 12). 

If however the result of the two checks represen- 
ted by block 69 is positive, the operator can then place is 
tube 5 in detector 4. Circuit 47 perfomis then the 
routine represented figure 5. This routine starts with 
an operation 85 whereby unit 67 controlling the 
alanms (see also Figure 1) is disabled. In fact at the 
start tube 5 inserted in detector 4 is empty or is filled 20 
with physiological solution. In this situation the alanms 
are not significant and would draw the attention of the 
operator without purpose. Operation 85 is followed by 
an operation 71 in which circuit 47 reads the condition 
of the electronic test, i.e. checks that a position signal 25 
for switches 33 and 41 is present within it. 

A test 72 is then performed to check whether the 
result of the electronic test is satisfactory, i.e. whether 
signal SE' is within the expected limits. If the result of 
test of 72 is unsatisfactory an error indication is pro- 30 
duced (block 81), as a result of which the routine stops 
immediately to allow the operator to act. 

If on the otiier hand the result of tests 72 is satis- 
factory, the routine continues with an operation 73 in 
which the two signals SA and SE are read. A first test 35 
74 then follows to check that the two signals SA and 
SE are consistent in accordance with the indications 
illustrated in Figure 3. If the result of test 74 is unsatis- 
factory, an enror indication Bl is produced as in the 
previous case. 40 

If on the other hand the result of test 74 Is satis- 
factory a further operation 76 is perfomied in which 
the SE signal is compared with the two thresholds 
ATH and ATL. There now follows a test 76 for the con- 
ditions SE<ATH and SE>ATL. If the result of the test 45 
is satisfactory it means that tube 5 has not yet been 
inserted or has been removed. Circuit 47 then enables 
alarm control unit 67 (block 82) activating the alanms 
and the program passes to a suitable routine which is 
not indicated. 50 

If instead the result of test 76 is unsatisfactory 
another operation 77 is performed in which ttie SE sig- 
nal is compared with ttie pair of thresholds PTAH and 
PTAL There then follows a check 78 for the condi- 
tions SE<PTAH and SE>PTAL. If the result of test 78 55 
is satisfactory it means that tube 5 is inserted in detec- 
tor 4. but that it is empty or still filled with physiological 
solution. As in this situation the alarms are not signifi- 



cant, unit 67 continues to be disabled (block 83) and 
the routine restarts from operation 71, 

If the result of tests 78 is unsatisfactory a furtfier 
comparison 79 is performed in which the signal is 
compared with the third pair of thresholds PTSH and 
PTSL This is followed by a check 80 for the condi- 
tions SE<PTSH and SE>PTSL. If the result of this test 
80 is satisfactory it means that tube 5 is inserted in 
detector 4 and full of blood, thus dialysis treatment is 
in progress. In this case alamn control unit 67 (block 
84) is enabled. Unit 67 can then signal any malfunc- 
tion in the course of treatment to the operator while the 
program passes into a conresponding routine which is 
not indicated. Obviously the alarms enabled by unit 67 
with block 84 in the condition in which a tube is pre- 
sent with blood may be different from tiiose enabled 
witii block 82 in the condition in which the tube is 
absent. 

Finally if test 80 has an unsatisfactory result it 
means that the SE signal does not fall in any of the 
three fields AT, PTA and PTS (Figure 3), which means 
that the equipment is faulty, as the measurements are 
not reliable. Error condition 81 is then displayed and 
the routine ends as in the previous cases of unsatis- 
factory results for tests 72 and 74. 

From what has been seen above it is dear that the 
value of reference signal SE Is compared with an 
interval of threshold values stored by control circuit 47 
in each case and if the value does not lie within such 
an interval an error condition is displayed, it is also 
clear that the signal is always compared with a pair of 
thresholds consistent with the value of signal SA. and 
that the joint investigation of signals SA and SE 
makes it possible to evaluate any deterioratkin in any 
component of electronic circuit 15, in voltage source 
Vc and voltage generator 37, and therefore the state 
of efficiency of the entire equipment 

The switching of the bistable circuit included in 
circuit 47 makes it possible to have a series of elec- 
tronic test cycles altemating with measurement 
cycles to provide a continuous check that the equip- 
ment is operating coirectly. This switching may be 
perfonmed manually, for example by pressing a "test" 
switch. 

From what has been seen above the advantages 
of the equipment according to the invention over 
known equipment are obvious. In fact the test cycles 
may be perfonmed in a very simple manner, and the 
test configuration enables the operator to check the 
operation of the entire equipment either before start- 
ing treatment or while treatment is in progress, and If 
a malfunction is revealed tiie patient's treatment may 
be restarted or suspended once it has already been 
started. 

It is to be understood that various modifications 
and improvements may be made to the equipment 
described without going beyond the scope of the 
claims. For example electiromechanical sensor 17. 25 
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may also be located outside device 4. Also the means 
of modulation and demodulation of the signal emitted 
by photodiode 12 may be different from those des- 
cribed, and in particular asynchronous. Also, instead 
of each pair of threshold values, a threshold value 
associated with a con-esponding absolute permissible 
error value may be provided. 



Claims 

1) Equipment for detecting the presence of a tube 
(5) and/or the presence of blood within it, comprising 
a light emitter (11) directed towards the tube (5), an 
optical sensor (12) capable of detecting the light leav- 
ing the tube (5) in order to provide a corresponding 
electrical signal, a circuit (32) for the processing of the 
signal from the optical sensor (12), characterised in 
that it comprises a test circuit capable of being con- 
nected periodically to the processing circuit (32) as a 
replacement for the light emitter (11) and the sensor 
(12) to generate at least one test signal (SE') capable 
of checking that at least part of the equipment is func- 
tioning correctly, the test signal simulating the electri- 
cal signal (SE) generated in use by the optical sensor 
(12). 

2) Equipment according to claim 1 , characterised 
in that the test circuit comprises at least one reference 
voltage source capable of providing the electrical sig- 
nal (SE) and the test signal (SE'). 

3) Equipment according to claim 2, characterised 
in that the reference voltage source comprises a net- 
work of resistances (34, 45, 43) capable of being con- 
nected to a constant voltage source (Vc) to provide a 
first component for the test signal (SE'). 

4) Equipment according to dalm 3. characterised 
in that the network of resistances (34, 45, 43) Is also 
connected alternately to an auxiliary voltage source 
(37) to provide a second component for the test signal 
(SE'). 

5) Equipment according to claim 4, characterised 
in that the first and second components of the test sig- 
nal (SE') altemate to simulate the behaviour of the 
optical sensor ( 12) in response to the light emitter 
(11). 

6) Equipment according to any one of claims 3 to 
5, characterised in that it comprises comparator 
means (63) capable of generating the test signal (SE') 
from the difference between the first and the second 
components of the test signal (SE'). 

7) Equipment according to one of claims 1 to 6. 
characterised in that it comprises means (47) capable 
of comparing the value of the electrical signal (SE) 
with a series of stored values in order to detect any 
malfunction situation. 

8) Equipment according to claim 7, characterised 
in that said comparison means are included in a con- 
trol unit (47) capable of storing at least one threshold 
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value (ATH, ATL) relative to the electrical signal (SE) 
in the condition in which the tube (5) is absent and at 
least one threshold value (PTAH, PTAL ; PTSH, 
PTSL) relative to the electrical signal (SE) in the con- 
dition in which the tube (5) is present, when blood is 
absent and present within the tube (5) respectively. 

9) Equipment according to claim 8, characterised 
in that the control unit (47) is also capable of sensing 
a signal (SA) indicating that the tube (5) is present and 
to evaluate the consistency between the signal (SA) 
and the signal (SE) in order to evaluate the condition 
of efficiency of the light emitter (11) and the optical 
sensor (12). 
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